Nuclides 2000 — Die Nuklidkarte
auf CD-ROM

Mit dem Softwarepaket ,,Nuclides
2000 steht eine elektronische Nuklid-
karte auf CD-ROM fiir Microsoft
Windows Betriebssysteme zur Verfii-
gung, die umfangreiche physikalische
und radiologisch relevante Basisinfor-
mationen und -daten zu den bekannten
Nukliden bereit stellt. Zudem bietet
Nuclides 2000 fiir eine Reihe von An-
wendungen Programme an, die mittels
interaktiver ~ Benutzerfilhrung  eine
schnelle und gesicherte Berechnung der
gesuchten Daten ermdglichen.

Das Daten- und Programmangebot
wird durch Informationen in Form von
Beitrdgen zur Geschichte der Radioakti-
vitdt und Radiochemie sowie physika-
lisch interessanten Themen - wie
C14-Datierung und Bildung von **Ti in
einer Supernova — sowie durch eine
Link-Sammlung von Internet-Adressen
erginzt.

Als detaillierte Datenbank kann Nu-
clides 2000 in Lehre, Forschung und
Anwendung Einsatz finden.
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Introduction

Do you have a nuclide chart hanging in
your office or nearby? If so, you will know
the usefulness of these ‘collectors items’ in
which radionuclides are displayed accor-
ding to the number of protons Z and neut-
rons N in their nucleus. In addition to gi-
ving the most important basic nuclear data,
this arrangement, originally proposed by
Segre, allows one to trace out decay and re-
action paths qualitatively.

You will also be very aware that these
charts are of limited use with regard to the
amount of data that can be shown. More
over, one invariably has to go a step further
and make calculations with this data. Until
now, the solution was to resort to large
computer codes or if this takes too long, to
write a computer program to solve the de-
cay equations. Another possibility would be
to have the calculations done by an expert.

These problems have now been over-
come with the development of Nuclides
2000 [1]. With this new “Electronic” Chart,
there is basically no limitation on the
amount of data that can be stored and
shown for any particular nuclide. More im-
portantly, one can now do calculations
quickly, reliably, using qualified data in a
user-friendly environment. Tedious calcula-
tions are now redundant with this package.
Through the Nuclide Explorer, the back-
bone of the Nuclides 2000 software, the
user has access to powerful navigational,
informational, and calculational interfaces.
These allow fast identification of the parti-
cular nuclide(s) of interest, a summary of
the basic nuclear and radiological data, and
calculations using this data.

Other features of Nuclides 2000 include
articles and weblinks. In the Articles, vari-
ous aspects of radioactivity and radiation
ranging from radiocarbon dating to the for-
mation of #Ti in supernova. There are arti-

cles covering the history of radioactivity and
radiochemistry and descriptions of all the
chemical elements. The articles database is
fully indexed and can be searched for key-
words. Use of wildcards and jokers is allo-
wed in the keyword selection. The displayed
topic contains the keyword highlighted whe-
rever it appears in the text. The Online Fea-
tures allow the user to access websites of re-
lated interest. A browser window opens with
the Nuclides 2000 homepage. Sites are clas-
sified under the general headings: Glossary
of Nuclear Science, Classical Scientific Pa-
pers, Historical, People, New Elements, Ori-
gin of Nuclides, Introduction to Radiation
and Radioactivity, Applications of Radionu-
clides, Archaeology, Radon, Nuclear Data,
Organizations etc.

Nuclides 2000 is aimed at specialists
who require detailed technical information
such as activities, gamma emission rates,
gamma dose rates, radiotoxicities, ALIs,
etc. On the market for a few months, Nucli-
des 2000 is already being used on a daily
basis by scientists in the mainstream nucle-
ar industry, regulatory authorities, nuclear
medicine, radiology, and in hospitals. As an
educational tool, the program is of interest
for educators and students.

Nuclides 2000 has been developed wit-
hin the Institute for Transuranium Elements’
activities in establishing an actinide research
reference centre. Other activities within this
“Actinide Information Centre” include the
development of a nuclear materials databa-
se to establish the origin of nuclear materi-
als and a materials database for Accelerator
Driven Systems (ADS). Further information
can be found on the Institute website at
http://itu.jrc.cec.en.int/ and on the Nuclides
2000 website at http://www.nuclides.net/.

Navigational, informational, and calcu-
lational aspects of the program are now
described in more detail.
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The use of colours in these charts is to
denote the fact that the nuclide is unstable
(radioactive) and decays by a particular
process. This is the case in the Karlsruhe
[2] and Strasbourg Charts [3]. In the case of
the General Electric [4] and JAERI [5]
charts, the colours are used to indicate the
half-lives of the nuclides. The colour sche-
me can be chosen directly from the taskbar.
In addition, a “personal” colour scheme can
be created and used.

Data Sheets

The radioactive decay data used in
NUCLIDES 2000 is based on the Joint

Evaluated File (JEF) version 2.2. Radiolo-
gical data such as the effective dose coeffi-

cient is from the ICRP 68. The present ver-
sion of the program contains decay data on
more than 2600 radionuclides with more
than 70000 corresponding gamma energies
and emission probabilities.

In the Data Sheets (see fig.2), the in-
formation given consists of half-life, atomic

Fig.1:  Selection of a chemical element from the periodic table leads to a display of weight, number of decay modes, branching
isotopes in the element list box. On selection of a particular isotope, the location ratios, decay energies, daughter products,
of the isotope in the Segre (nuclide) chart is shown. Nuclides can also be found mean decay energies per decay, discrete
from the direct entry box or from the database search engine (see figure). energies and emission probabilities for
Colours indicate the mode of decay, as in the Karlsruhe (main window) and gammas, alphas etc., and radiotoxicity data.
Strasbourg (inset) charts, or half-lives as in the General Electric (inset) and The source of this data is also given. From
JAERI charts. There is also a option to “Build-your-own” chart. this basic data, various derived quantities

Nuclide Explorer
Navigation

Following the recent discovery of ele-
ments 114, 116, 118, there are now 115
known chemical elements (elements 113,
115, 117 are not yet known). Elements can
have many isotopes, most of which are uns-
table. In general these isotopes are known as
nuclides. The heart of the Nuclides 2000
program is the Nuclide Explorer which pro-
vides fast access to the nuclear and radiologi-
cal data on more than 2600 nuclides. It also
allows the user to do calculations with this
data. Because of the large number of nucli-
des, navigation through a chart of the nucli-
des is more complicated than navigation
through the periodic table of the elements.
For this reason, the starting window shown in
the Nuclide Explorer contains a periodic table
as shown in fig.1. Once the element has been
selected, a list of all isotopes is given in the
element list box. On selection of a particular
isotope, the main frame shows the location of
this isotope in the Segré or nuclide chart. Al-
ternatively, the database can be searched to
find nuclides with particular characteristics.
Comprehensive Boolean search tasks can be
performed. Searches can also be made on the
decay type such as a; B-; 8-, n (beta delay-
ed neutron emission); etc.
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The Data Sheets window provides comprehensive decay and radiological data
such as half-life, modes of decay, branching ratios, mean decay energies, discrete
energies and emission probabilities for gammas, alphas etc., and radiotoxicity
data. In the data Source, precise references are given. In the Derived Quantities,
secondary quantities such as specific activity, isotopic powers, specific gamma
dose rate constant, and ALI values are given. Isotope data can be Edited and New
Isotopes inserted in a personal database.
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can be obtained such as specific activity,
isotopic powers, spontaneous fission rate,
specific gamma dose rate constant at 1m, an-
nual limits of intake (see Derived Quantities
window). Data on elements up to atomic
number 114 are included although only de-
fault data have been used for elements 113
and 114. For any element in the database,
isotopes can be added and their data edited.

Decay Calculations

Through the decay calculations (see
fig. 3), one can investigate the Full Decay
Scheme of any radionuclide to obtain the
numbers of atoms, masses, activities etc.
accounting for all the daughters, starting
from an initial mass or activity of the parent
nuclide. Within the program, the Bateman
equations are solved exactly accounting for
multiple “chains” due to branching. The re-
sults of a decay calculation are summarised
in the main window shown in fig.3. The user
can investigate multiple chains due to bran-
ching by looking into the Details. To limit
the number of chains taken into account, the
variable Min.Prod can be set. This variable
is the product of the branching ratios of a li-
near chain. The smaller this value is — the
less important is the chain. If Min.Prod is set
to zero, all chains will be evaluated. The de-
fault value is set to 1E-4 and is for most pur-
poses sufficient. The variable No.Chains gi-
ves information on the number of linear
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chains with the product of their branching
ratios greater than Min.Prod.

In the Options, the user can specify
which properties are to be shown in the
main window results. Default values are
numbers of atoms, masses, activities, gam-
ma emission rate, gamma dose rate. Other
possibilities include half-life, branching ra-
tios, decay modes, spontaneous fission rate,
isotopic powers, inhalation and ingestion
radiotoxicities etc.

By specifying the distance, the specific
gamma dose rate of the parent and daughters
is calculated assuming a point source. By in-
creasing the number of timesteps, calcula-
tions are performed at discrete times. From
this, a Plot of the numbers, masses, activities
etc can be made. Finally a Segré plot of the
decay chain is shown. Results can be cut &
pasted into other applications.

Fields of application of Nuclides 2000
range from health physics, nuclear medicine,
nuclear safeguards, to radionuclide dating,
spent fuel characterisation, and astrophysics.
We describe briefly two such applications.

Applications of Nuclides 2000

“Age” Determination of Plutonium
Particles

At the Institute for Transuranium Ele-
ments, a range of analytical techniques is

From the exact solution of the Bateman equations, the Decay Calculations

window lists the numbers, masses, activities, gamma emission rates, gamma dose
rates, etc. The actual quantities to be listed can be selected from the Options.
Decay chains resulting from branching are given in the Details. The results can
be Plotted directly, or cut & pasted into other applications. The nuclide decay

can also be viewed in the Segre plot.
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being developed for verification and detec-
tion purposes to check nation state compli-
ance with their non-proliferation commit-
ments [6]. As part of these activities, a
technique is being developed to determine
the “age” of plutonium particles [7]. The
“age” of a particle is defined as the time
elapsed since the last chemical separation
of daughter nuclides from the parent. The
particles to be analysed can be obtained
from the environment or from “swipes” ta-
ken at nuclear installations where clandesti-
ne activities are suspected. In view of the
pending international agreement to stop the
production of weapon materials, the age of
such “suspected” particles is of course of
great interest for verification purposes. For
bulk samples, gamma spectroscopy can be
used. However, for very small particles, be-
cause of the low activity, this technique is
impossible.

Fresh plutonium particles will in gene-
ral contain the isotopes 238Pu, 239Pu, 240Pu,
241Py, 242Pu in different amounts, depending
on the production route. With time, these
nuclides decay to 234U, 235U, 236U, 241 Am,
238U respectively. By determining the ratios
of the parent to daughter (@38Puf234U,
239py 235, 240py/236(, 241Py/241 Am, 242Py/
238U) one can deduce the elapsed time and
therefore the age of the particle. Because
these ratios are measured by secondary ion
mass spectrometry (SIMS), one cannot ob-
tain the ratio 241Pu/ 241Am. In addition, if
the particle has some uranium contaminati-
on, one cannot use the ratio 242Pu238U. This
leaves the three ratios 238Pu/234U,
239py/235U, 240Py/ 236U which are suitable
for age determination. The correlation bet
ween the atom ratios and the age as calcula-
ted using Nuclides 2000 is shown in fig. 4.
The time scale of interest is in the range
1-50 years.

In 1994, officials at Munich Airport,
seized a suspect case of luggage. The case
was delivered to the ITU and was found to
contain a sealed package in which several
hundred grams of a radioactive powder had
been concealed. The initial chemical analy-
sis showed the powder to consist of a mix-
ture of the oxides of plutonium and urani-
um. SEM examination showed that this was
not a homogeneous powder sample, but
was a mixture of three distinct components
characterised by their morphology and che-
mical composition. In this micrograph
(Sample F19A, fig. 4a) the different com-
ponents can be identified as (1) plutonium
oxide (PuOy) in the form of small flat plate-
lets forming the largest fraction of the mix-
ture analysed, (2) plutonium oxide (PuO2)
particles with a rod-shaped form, (3) and
Uranium oxide (U3Og) particles.

The correlation between the age of a
particle and the Pu/U atom ratio was obtai-
ned with Nuclides 2000. The results are
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Fig.4a/b Application of Nuclides 2000 to “Age” determination of plutonium particles.
Since the uranium contamination is significant in sample F194, the ages determi-
ned from the ratios disagree largely. The most accurate value of 19.9 y is expec-
ted from the 240 Pu/230U ratio since there is no 230U present in natural uranium.

shown in fig. 4b. Since the uranium conta-
mination is significant, the ages determined
from the ratios disagree largely. The most
accurate is expected from the 240Pu/236U
ratio, i.e. 19.9 y, since there is no 236U pre-
sent in natural uranium.

213p; “milking” from 225 ¢ for cancer

treatment

In alpha-immunotherapy [8], antibo-
dies are labelled with relatively short-lived
alpha emitters. Specifically targeted cancer
cells are then destroyed by local deposition
of energy. Of particular interest is the nucli-
de 213Bi for this purpose. Actually 213Bi is
mainly a beta emitter with half-life of 46 m.
This nuclide decays however to 2!3Po, a
very lived (half-live 4.2 ps) nuclide, which
itself decays by alpha emission. So effecti-
vely 213Bi is an alpha emitter with a
half-life of 46m.

213Bj is produced by the decay of the
more readily available 22°Ac. However, be-
fore the Bi isotope can be used, it has to be
eluted (“milked”) from the 2 Ac “cow”.

Once the 213Bi has been separated, it starts
to grow in again due to the decay of the
225 Ac.

The activity of the 225Ac cow is typi-
cally 1GBq (27 mCi) when delivered to the
Institute. By the time they arrive, the equi-
librium composition of 213Bi has been rea-
ched and the samples can be milked. There-
after the Bi starts to grow in again. How of-
ten can the Ac sample be milked to obtain
the maximum amount of 213Bi?

The growth of 2!13Bi in Ac can be seen
in fig. 5. It can be seen that after approxi-
mately 3h, more than 90% of the maximum
value has been reached. After this time, the
225A¢ cow can again be milked.
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